To develop the lighting design method based on the comfort of the visual environment, it is necessary to have a luminance and chromaticity distribution measurement tool which is versatile and easy to construct the system. Therefore, it was developed a measurement system for luminance and chromaticity distribution of field of view using arbitrary digital camera. In this paper, it was examined the algorithm to convert digital camera images into the CIE XYZ tristimulus values and confirmed the photometric accuracy of their converted values.
Introduction
It is important to further develop and disseminate energy conservation design methods in recent years. Further improvement of energy conservation performance of buildings is required. On the other hand, comfort of the visual environment must also be adequately guaranteed. The evaluation method of the comfort of the visual environment, such as the spatial brightness and glare, have been studied, and estimation methods of visual comfort are being developed (AYA et al., 2015) , (NAKAMURA et al., 2015) . To evaluate the spatial brightness or glare for the real environment, the luminance distribution of the field of view is required, and image photometry method is usually used to obtain the luminance distribution. But it takes a lot of time to build up the measuring system.
To build up the system, knowledge of image processing and hardware control is necessary. Especially, to acquire the skill of hardware control takes a lot of time for researchers or designers who want to evaluate light environment. The important issue for researchers or designers is to reveal the relationship between the luminance distribution and the light environment assessment. It is a waste of time for individual researchers and designers to independently develop measurement systems. To develop the lighting design method based on the comfort of the visual environment, it is necessary to have a luminance and chromaticity distribution measurement tool which is versatile and easy to construct the system. Therefore, it was developed a measurement system for luminance and chromaticity distribution of field of view using arbitrary digital camera. We named this measurement system L-CEPT (Luminance and Colour Environment Photometric Tool). In this paper, it was examined the algorism to convert digital camera image into the CIEXYZ tristimulus values and confirmed the photometric accuracy. Figure 1 shows an outline of the measurement system configuration. This system consists of any commercially available digital single lens reflex camera (Picture Transfer Protocol supported) and a Linux PC (OS: Raspbian). This system has three functions: image shooting, image development, and image conversion to colorimetric values. The image shooting function is to control camera device with the external software (gPhoto2: http://www.gphoto.org) so that it can shoot with any camera. Thus, it is possible to us to construct a system with various cameras. The image development function is also linked with external software (dcraw: https://cybercom.net/~dcoffine/dcraw/) so that raw data of an arbitrary camera can be converted into an uncompressed RGB value image (tiff format). The image conversion from the uncompressed RGB values image to the luminance and chromaticity values image is the same as the method used for general image photometry in shown next section. By creating an interface that combines these functions into one, it was constructed a measurement system compatible with arbitrary digital cameras. Figure 2 illustrates the measurement system flow. First, the system loads a camera information file, which includes pixel format, list of shutter speed, list of ISO sensitivity and raw image extension that can be set in the camera. The system also loads the conversion matrix as denoted a i in equation (1).
Methodology

System Configuration
System Flow
Eleven raw images are captured with different exposure levels for the scene to obtain a luminance and chromaticity distribution. The eleven raw images are developed with a gamma curve set as one and converted to RGB images. Therefore, the RGB values of each pixels are linearly varied with photometric values.
For all pixels of all images, RGB values are converted to XYZ values using equation (1), and these are combined to generate a csv file of luminance and chromaticity distribution.
Calibration
The most important point when set up this system is calibration to find the conversion matrix. The conversion matrix is obtained by acquiring an image of a color chart, such as Macbeth color checker, whose XYZ value is known and comparing it with the RGB values. Figure 3 shows the top view of calibration chamber. In this chamber, the Macbeth colour chart is illuminated uniformly by lamps equipped on both sides. For camera calibration, threewavelength fluorescent lamps (CCT: 5000K, Ra: 84) were used to illuminate the Macbeth 
System Accuracy
In this paper, it was examined the system accuracy for two models of cameras, one is Nikon D3100, and the other is Canon 5D Mark III. Figure 4 shows the comparison between value measured by the system and value measured by a CS-100A for Macbeth colour chips used for calibration. The upper left is the comparison of luminance values measured by the Nikon D3100, and the upper right is the comparison result measured by the Canon 5D Mark III. The horizontal axis shows the luminance measured by the system, and the vertical axis is the luminance measured by CS-100A. Measurement error may be up to about 10% error, but we believe that it is a reasonable measurement result as a hardware-free system. The lower left graph shows the comparison of xy chromaticity in Nikon D3100, and the lower right in Canon 5D Mark III. The black circles are the output from the system, and the white circles are values measured by CS-100A. It was shown that although the error was slightly seen in the area where the saturation was high, it could be measured approximately. Figure 5 shows the result of confirmation of the measurement accuracy when the illumination light to the Macbeth colour chip is changed to the LED (CCT:6700K). Although colour of illumination is different from the colour when the system calibration was done, it was confirmed that an accuracy of the measurement system is almost same as that under the colour of illumination of calibration.
Conclusion
As described above, it becomes possible to construct a photometric system compatible with arbitrary cameras easily, and it is expected that progress of research and development on the comfort evaluation of the visual environment.
